Abstract Due to rapid depletion of fossil fuels availability and huge environmental pollution, focus is now changing from traditional method of power generation to the non-conventional DERs located at distribution voltage level. Technological advancement and more researches in the use of DERs result in the formation of microgrids and active distribution network. Small DER units when placed in a network near to load, makes the network stable as it can work in islanding mode in case of any fault outside the network. This paper proposes a scheme for reduction in losses and improvement of bus voltages in the active distribution network. A DG in the form of small renewable energy resources such as solar PV, wind, biomass, is placed optimally for reduction of losses in the network. However, placement of DG does not result in fulfilment of reactive power needs of the network, resulting in under voltage at several buses. This under voltage problem is solved by the optimal placement of DSTATCOM. DLF technique is used in this paper for load flow calculations and LSF along with voltage deviation is used in objective function for optimal location of DG on MATLAB platform. The methodology is tested on 33-bus radial distribution system. 
Introduction
Renewable energy resources are gaining high attention globally due to the environmental concern, technological advancement, energy crisis, power outages, technical issues and economic incentives [1] [2] [3] . For effective utilization of renewable energy resources such as solar PV (photovoltaic) system, wind turbine system, biomass etc, many researchers are focusing on techniques for improvement of existing network and its topology [4, 5] . The increased penetration of such type of sources at different locations changes the structure of the conventional system into an interconnected network of smaller systems termed as microgrids [6] which are mostly fuelled by the renewable energy resources [7] . Microgrids connect small pockets of loads with the nearby available distributed generation (DG) resources and energy storage devices. Energy storage devices such as batteries, ultra-capacitors, flywheels support the operation of microgrids as these devices alleviate the intermittent nature of renewable energy resources [8] . This intermittent nature, due to various factors such as weather conditions and time of use results in stability, reliability and security issues. The importance of DGs in microgrids or an active distribution network is well established in the rural and remote areas where the power supply from conventional grid is not a feasible option because of various constraints such as unavailability of transmission infrastructure, insufficient capacity of the generation plant and high cost of energy [9] . The operation of active distribution network should ensure that the reliability, stability, power quality and protection coordination of the main grid will not be affected by the addition of any energy sources [10] especially when sensitive loads are connected with the network [11] . The extensive use of Distributed Energy Resources (DERs) in microgrids and active distribution network helps in relieving the transmission congestion, CO 2 footprints, reduction in the requirement of network reinforcement, delivery cost of the electricity and so on [12] . In active distribution networks, DGs are placed much close to the electrical loads which ultimately enhance the power reliability and quality of the system [13, 14] . There are some economical, technical and regulatory issues which arise due to emergence of the active distribution network; especially, in the isolated mode of operation, frequency stabilization by matching the load and generation, voltage stabilization by managing the reactive power and the overall minimization of the system losses are some of the key issues which have to be tackled carefully [15] . In active distribution network, the duration and frequency of power outages could be reduced by placement of DG sources nearby loads. The optimal size and placement of DG sources help in minimization of overall losses as well as for economical operation of the active distribution network [16, 17] . Microgrids, which are fuelled by renewable energy resources, are becoming essential part of the active distribution network. But proper operation and design of active distribution network is still one of the major concerns of the utility planners. In this paper, an active distribution network is considered for study.
Various operating conditions, such as power requirement, voltage stability and voltage deviation are kept in mind while finding the optimal placement of DG [18, 19] . Few other conditions such as geographical location and availability of primary energy sources may effect and can change the location of DG, but these conditions are not taken into consideration for the sake of simplicity in this paper. DG owner will have different aim while finding the optimal location of DG whereas the network operator has different conditions for consideration in deregulated power system because DG owner tries to reduce its investment cost while network operator tries to reduce the power losses [20] .
In distribution network, the majority of the loads are inductive in nature which results in lagging pf (power factor) of the system [21, 22] . Due to lagging pf network losses may increase, voltage profile and the system security may deteriorate [23] . In order to avoid these problems, custom devices such as DSTATCOM (Distribution Static Compensator), DVR (Dynamic Voltage Restorer), UPQC (Unified Power Quality Conditioner), and SSTC (Solid State Transfer Switch) can be used [24] . With the help of these devices, cost effective solution for reactive power and unbalance loading compensation in the distribution network can be easily achieved [25] .
The present work utilizes the Loss Sensitivity Factor (LSF) technique along with voltage deviation for optimal placement of DG and an objective function for optimal placement of DSTATCOM based on minimization of network losses and voltage profile improvement [26] . For the size of DG and DSTATCOM, factors such as cost of power losses, capital cost for installation and depreciation factors and annual charges are being formulated in the form of an objective function.
Section 2 discusses the DSTATCOM and its modelling, while Section 3 gives the description of system. Section 4 discusses the proposed methodology, where optimal placement of DG using LSF technique and voltage deviation is formulated in Section 4.1. Section 4.2 gives the criteria for optimal location of DSTATCOM and Section 4.3 deals with the technique used for calculation of optimal sizes of DG and DSTAT-COM. Section 4.4 discusses the step-by-step working methodology in the form of flowchart. Section 5 sheds some light on results obtained in this work while Section 6 concludes the findings of the work.
Distribution static compensator
STATCOM (Static Synchronous Compensator) is a type of shunt FACTS (Flexible AC Transmission Systems) device used in high voltage transmission network. When it is used in low voltage distribution network, it is known as DSTATCOM.
DSTATCOM is a shunt device that can inject and absorb real or reactive power at the bus thereby removing the sag in bus voltages [27] . It is a voltage source inverter having a DC energy storage device or a DC link capacitor for providing constant DC-link voltage [28] and it connects to the distribution network with a coupling transformer. DSTATCOM controls and corrects the bus voltage and power factor because it acts as a synchronous voltage source. Fig. 1 represents a block diagram of DSTATCOM. In case of heavy loading conditions or during some short circuits, DSTATCOM provides or injects required amount of current at the point of connection so as to lift voltage profile at the load bus where DSTATCOM is connected and regulates it to desired reference value [29] . Simultaneously, real and reactive power can be exchanged with the help of a DSTATCOM. The type and capacity of energy source determine the quantity of real power exchange. DSTATCOM improves voltage fluctuations by regularly checking and comparing the line waveform with reference signal and based on the error it injects or absorbs the required amount of reactive current. A coupling transformer, PWM Figure 1 Block diagram of a DSTATCOM.
